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LIQUID CRYSTAL DISPLAY AND METHOD
OF DRIVING THE SAME

[0001] This application claims priority to Korean Patent
Application No. 10-2008-0067716, filed on Jul. 11,2009, and
all the benefits accruing therefrom under 35 U.S.C. §119, the
contents of which in its entirety are herein incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play (“LLCD”) and a method of driving the same.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display (“LCD”) includes a first
display substrate having a plurality of pixel electrodes, a
second display substrate having a plurality of common elec-
trodes, and a liquid crystal layer having dielectrically aniso-
tropic liquid crystal molecules injected between the first and
second display substrates. The LCD displays a desired image
by forming an electric fleld between the pixel electrodes and
the common electrodes, adjusting the intensity of the electric
field, controlling an orientation of the liquid crystal molecules
with respect to at least one polarizer, and thus controlling the
amount of light that transmits through the liquid crystal panel.
Since the LCD is not a self light-emitting display, it may
include a light source, such as a plurality of light-emitting
blocks.

[0006] A technology, which controls the luminance of each
light-emitting block according to an image displayed on the
liquid crystal panel in order to enhance image quality, would
be desirable.

BRIEF SUMMARY OF THE INVENTION

[0007] Exemplary embodiments of the present invention
provide a liquid crystal display (“LCD”) with enhanced dis-
play quality.

[0008] Exemplary embodiments of the present invention
also provide a method of driving an LCD with enhanced
display quality.

[0009] However, the present invention is not restricted to
the one set forth herein. The above and other aspects of the
present invention will become more apparent to one of ordi-
nary skill in the art to which the present invention pertains by
referencing the detailed description of the present invention
given below.

[0010] According to an aspect of the present invention, an
exemplary embodiment of an LCD includes; a liquid crystal
panel including a plurality of display blocks, a light-emitting
unit which provides light to the liquid crystal panel and
includes a plurality of light-emitting blocks corresponding to
the display blocks, respectively, and a timing controller which
provides an optical data signal for controlling the light-emit-
ting blocks, wherein the optical data signal includes a plural-
ity of scan signals and a plurality of dimming signals which
are alternatingly arranged, and each of the dimming signals
controls a luminance of a corresponding one of the light-
emitting blocks.

[0011] According to another exemplary embodiment of the
present invention, an LCD includes; a liquid crystal panel
including a plurality of display blocks; and a light-emitting
unit which provides light to the liquid crystal panel and
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includes a plurality of light-emitting blocks corresponding to
thedisplay blocks, respectively, and a timing controller which
provides an optical data signal for controlling the light-emit-
ting blocks, wherein the timing controller includes; a decoder
which sequentially generates a plurality of select signals, a
first selector which receives a plurality of scan signals and
outputs one of the plurality of scan signals according to each
of the provided select signals, a second selector which
receives a plurality of dimming signals and outputs one of the
plurality of dimming signals according to each of the pro-
vided select signals, and a serializer which serializes scan
signals and dimming signals output from the first selector and
the second selector, respectively, and outputs the optical data
signal having alternatingly arranged scan signals and dim-
ming signals.

[0012] According to another exemplary embodiment of the
present invention, a method of driving an LCD includes;
dividing a liquid crystal panel into a plurality of display
blocks, and providing an optical data signal for controlling a
plurality of light-emitting blocks which correspond to the
display blocks, respectively, wherein the providing of the
optical data signal includes; sequentially generating a plural-
ity of select signals, receiving a plurality of scan signals and
outputting one of the scan signals according to each of the
select signals, receiving a plurality of dimming signals and
outputting one of the dimming signals according to each of
the select signals, serializing output scan signals and output
dimming signals, and outputting the result of serialization as
the optical data signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and other aspects and features of the
present invention will become more apparent by describing in
detail exemplary embodiments thereof with reference to the
attached drawings, in which:

[0014] FIG.1 is a block diagram of an exemplary embodi-
ment of a liquid crystal display (“LLCD”) according to the
present invention;

[0015] FIG. 2 is an equivalent circuit diagram of an exem-
plary embodiment of a pixel included in the exemplary
embodiment of an LCD of FIG. 1;

[0016] FIG. 3 is a conceptual diagram illustrating the
operation of exemplary embodiments of first through p”
backlight drivers illustrated in FIG. 1,

[0017] FIG. 4 is a block diagram of an exemplary embodi-
ment of a first timing controller illustrated in FIG. 1;

[0018] FIG. 51is a block diagram of an exemplary embodi-
ment of a second timing controller illustrated in FIG. 1;
[0019] FIG. 6 is a block diagram of an exemplary embodi-
ment of an optical data signal output unit illustrated in FIG. 5;
[0020] FIG. 7 is a conceptual diagram illustrating the
operation of the exemplary embodiment of an optical data
signal output unit illustrated in FIG. 6;

[0021] FIGS. 8A and 8B illustrate a plurality of scan signals
and a plurality of dimming signals which correspond to a
plurality of select signals, respectively;

[0022] FIG. 9 is a conceptual diagram illustrating the
operations of exemplary embodiments of first through (nxm)
™ Jight-emitting blocks of the exemplary embodiment of an
LCD illustrated in FIG. 1;

[0023] FIG.10is ablock diagram of an exemplary embodi-
ment of an optical data signal output unit included in another
exemplary embodiment of an LCD according to the present
invention; and
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[0024] FIG. 11 is a conceptual diagram illustrating the
operation of the exemplary embodiment of an optical data
signal output unit illustrated in FIG. 10.

DETAILED DESCRIPTION OF THE INVENTION

[0025] The invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which embodiments of the invention are shown. This inven-
tion may, however, be embodied in many different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.
Like reference numerals refer to like elements throughout.
[0026] It will be understood that when an element is
referred to as being “on” another element, it can be directly on
the other element or intervening elements may be present
therebetween. In contrast, when an element is referred to as
being “directly on” another element, there are no intervening
elements present. As used herein, the term “and/or” includes
any and all combinations of one or more of the associated
listed items.

[0027] It will be understood that, although the terms first,
second, third, etc., may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, a first element, component, region, layer or section
discussed below could be termed a second element, compo-
nent, region, layer or section without departing from the
teachings of the present invention.

[0028] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” or “includes” and/or “including” when used
in this specification, specify the presence of stated compo-
nents, steps, operations, features, regions, integers, and/or
elements, but do not preclude the presence or addition of one
or more other components, steps, operations, elements, fea-
tures, regions, integers and/or groups thereof.

[0029] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0030] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top,” may be used herein to
describe one element’s relationship to another elements as
illustrated in the Figures. It will be understood that relative
terms are intended to encompass different orientations of the
device in addition to the orientation depicted in the Figures.
For example, if the device in one of the figures is turned over,
elements described as being on the “lower” side of other
elements would then be oriented on “upper” sides of the other
elements. The exemplary term “lower”, can therefore,
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encompasses both an orientation of “lower” and “upper,”
depending on the particular orientation of the figure. Simi-
larly, ifthe device in one of the figures is turned over, elements
described as “below” or “beneath” other elements would then
be oriented “above” the other elements. The exemplary terms
“below” or “beneath” can, therefore, encompass both an ori-
entation of above and below.

[0031] Exemplary embodiments of the present invention
are described herein with reference to cross section illustra-
tions that are schematic illustrations of idealized embodi-
ments of the present invention. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the present invention should not be
construed as limited to the particular shapes of regions illus-
trated herein but are to include deviations in shapes thatresult,
for example, from manufacturing. For example, a region
illustrated or described as flat may. typically, have rough
and/or nonlinear features. Moreover, sharp angles that are
illustrated may be rounded. Thus, the regions illustrated in the
figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are not
intended to limit the scope of the present invention.

[0032] As used herein, the terms “rows” and “columns” of
amatrix may be changedto “columns” and “rows” depending
on an observer’s point of view. That is, “rows” may be
replaced by “columns” and vice versa.

[0033] Hereinafter, exemplary embodiments of a liquid
crystal display (“LLCD”) and a method of driving the same
according to the present invention will be described.

[0034] Anexemplary embodiment of an LCD according to
an exemplary embodiment of the present invention will be
described with reference to FIGS. 1 through 6. FIG. 1 is a
block diagram of an exemplary embodiment of an LCD 10
according to the present invention. FIG. 2 is an equivalent
circuit diagram of an exemplary embodiment of a pixel PX
included in the exemplary embodiment of an LCD 10 of FIG.
1. FIG. 3 is a conceptual illustrating the operation of first
through p™ backlight drivers 800_1 through 800_p illus-
trated in FIG. 1. FIG. 4 is a block diagram of an exemplary
embodiment of a first timing controller 600_1 illustrated in
FIG. 1. FIG. 5 is a block diagram of an exemplary embodi-
ment of asecond timing controller 600_2 illustrated in FIG. 1.
FIG. 6 is a block diagram of an exemplary embodiment of an
optical data signal output unit 650 illustrated in FIG. 5.

[0035] Referring to FIG. 1, the LCD 10 includes a liquid
crystal panel 300, a gate driver 400, a data driver 500, a timing
controller 700, the first through p” backlight drivers 800_1
through 800 p, and first through (nxm)® light-emitting
blocks LB1 through LB(nxm) (collectively indicated by ref-
erence character LB) connected to the first through p™ back-
light drivers 800_1 through 800 p. In the present exemplary
embodiment both n and m are natural numbers.

[0036] In the present exemplary embodiment, the timing
controller 700 may be functionally divided into the first tim-
ing controller 600_1 and the second timing controller 600_2.
The first timing controller 600_1 may control images dis-
played on the liquid crystal panel 300, and the second timing
controller 600_2 may control the first through p” backlight
drivers 800_1 through 800_p. In addition, exemplary
embodiments include configurations wherein the first timing
controller 600_1 and the second timing controller 600_2 may
be physically separated from each other.
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[0037] The liquid crystal panel 300 may be divided into a
plurality of display blocks DB1 through DB(nxm). The dis-
play blocks DB1 through DB(nxm) may be arranged in a
matrix of n rows and m columns and correspond to the first
through (nxm)™ light-emitting blocks LB1 through LB(nx
m), respectively. In the present exemplary embodiment, each
of the display blocks DB1 through DB(nxm) includes a plu-
rality of pixels. The liquid crystal panel 300 includes a plu-
rality of gate lines G1 through Gk and a plurality of data lines
D1 through Dj. In the present exemplary embodiment both j
and k are natural numbers.

[0038] Referring to FIG. 2, an individual pixel PX is con-
nected to, for example, an f” (wherein f is a natural number
from 1 to k) gate line Gf and a g’ (wherein g is a natural
number from 1 to j) data line Dg and includes a liquid crystal
capacitor Clc and a storage capacitor Cst. The liquid crystal
capacitor Clc may include a pixel electrode PE formed on a
first display substrate 100 and a common electrode CE
formed on a second display substrate 200, and a liquid crystal
layer 150 interposed between the pixel electrode PE and the
common electrode CE. In the present exemplary embodi-
ment, a color filter CF may be formed on a portion of the
second display substrate 200, although alternative exemplary
embodiments include configurations wherein the color filter
CF may be formed on the first substrate 100. In addition, a
switching device Qp may be connected to the f* gate line Gf
and the g™ data line Dg and provide a data voltage to the liquid
crystal capacitor Clc. Alternative exemplary embodiments
include configurations wherein the storage capacitor Cst may
be omitted.

[0039] The first timing controller 600_1 receives red, green
and blue image signals R, G and B and control signals for
controlling the display of the red, green and blue image sig-
nals R, G and B from an external graphic controller (not
shown). Based on the red, green and blue image signals R, G
and B and the control signals, the first timing controller 600_1
generates a data control signal CONT1 and a gate control
signal CONT2. Exeniplary embodiments of the control sig-
nals include a vertical synchronization signal Vsync, a hori-
zontal synchronization signal Hsyne, a main clock signal
Mclk, and a data enable signal DE.

[0040] In addition, the first timing controller 600_1
receives the red, green and blue image signals R, Gand B and
outputs a plurality of representative image signals R_DB1
through R_DB(nxm) which correspond to the display blocks
DB1 through DB(nxm), respectively. That is, the first timing
controller 600_1 receives the red, green and blue image sig-
nals R, G and B, determines the representative image signals
R_DBI1 through R_DB(nxm) corresponding to the display
blocks DB1 through DB(nxm), respectively, and provides the
representative image signals R_DB1 through R_DB(nxm) to
the second timing controller 600_2. The operation and inter-
nal structure of the first timing controller 600_1 will be
described later with reference to FIG. 4.

[0041] The second timing controller 600_2 receives the
representative image signals R_DB1 through R_DB(uxm)
from the first timing controller 600_1 and provides optical
data signals LDAT corresponding to the representative image
signals R_DB1 through R_DB(nxm) to the first through p™
backlight drivers 800_1 through 800_ p, respectively. In one
exemplary embodiment, the optical data signals LDAT may
include optical data signals LDAT1 through LDATp, which
are transmitted to the first through p™ backlight drivers 800_1
through 800_p, respectively. In addition, each of the optical
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data signals LDAT, which are provided to the first through p*
backlight drivers 800_1 through 800_p, respectively, may
include a plurality of scan signals SCAN (to be discussed in
more detail with respect to FIG. 6) and a plurality of dimming
signals DIM (to be discussed in more detail with respect to
FIG. 6) which are arranged in an alternating fashion. The
dimming signals DIM may control respective luminances
R_LB1 through R_LB(nxm) of the first through (nxm)”
light-emitting blocks LB1 through LB(nxm), respectively,
which will be described in detail later with reference to FIG.
6.

[0042] The data driver 500 illustrated in FIG. 1 receives the
data control signal CONT1 from the first timing controller
600_1 and applies an image data voltage to each of the data
lines D1 through Dj. The data control signal CONT1 includes
image signals corresponding to the red, green and blue image
signals R, G and B and signals used to control the operation of
the data driver 500. In the present exemplary embodiment, the
signals used to control the operation of the data driver 500
may include a horizontal start signal STH (to be discussed in
more detail with respect to FIG. 4) for starting the data driver
500 and an output instruction signal TP (to be discussed in
more detail with respect to FIG. 4) for instructing the output
of the image data voltage.

[0043] The gate driver 400 receives the gate control signal
CONT2 from the first timing controller 600_1 and transmits
a gate signal to each of the gate lines G1 through Gk. The gate
signal includes a gate-on voltage Von and a gate-off voltage
Voff provided by a gate on/off voltage generator (not shown).
The gate control signal CONT?2 is used to control the opera-
tion of the gate driver 400 and may include a vertical start
signal STV (1o be discussed in more detail with respect to
FIG. 4) for starting the gate driver 400, a gate clock signal
CPV (to be discussed in more detail with respect to FIG. 4) for
determining when to output the gate-on voltage Von, and an
output enable signal OF (to be discussed in more detail with
respect to FIG. 4) for determining the pulse width of the
gate-on voltage Von.

[0044] Exemplary embodiments include configurations
wherein the gate driver 400 or the data driver 500 may be
mounted directly on the liquid crystal panel 300 in the form of
a plurality of driving integrated circuits (“DICs”) or mounted
on a flexible printed circuit film (not shown) to be attached to
the liquid crystal panel 300 in the form of a tape carrier
package. Alternative exemplary embodiments also include
configurations wherein the gate driver 400 or the data driver
500 may be integrated onto the liquid crystal panel 300,
together with the display signal lines (e.g., the gate lines G1
through Gk and the data lines D1 through Dj) and the switch-
ing devices Qp.

[0045] The first through (nxm)™ light-emitting blocks LB1
through LB(nxm) may be arranged in an nxm matrix to
correspond to the display blocks DB1 through DB(nxm),
respectively. Each of the first through (nxm)” light-emitting
blocks LB1 through LB(nxm) may include a light-emitting
device (“LED”), exemplary embodiments of which include a
light-emitting diode. The first through p” backlight drivers
800_1 through 800 p control the luminances R_LB1
through R_LB(nxm) (to be discussed in more detail with
respect to FIGS. 5 and 6) of the first through (nxm) light-
emitting blocks LB1 through LB(nxm) in response to the
optical data signals LDAT, respectively.

[0046] Referring to FIG. 3, the first through p” backlight
drivers 800_1 through 800__p may be connected to the first
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through (nxm)” light-emitting blocks LB1 through LB(nx
m). Specifically, the first through (nxm)” light-emitting
blocks LB1 through L. B(nxm) may be divided into a plurality
of light-emitting groups LG1 through [.Gq, and each of the
light-emitting groups LG1 through LGq may include at least
one of the first through (nxm)* light-emitting blocks LB1
through LB(nxm). In one exemplary embodiment, the light-
emitting groups include a column of light emitting blocks LB,
and in such an exemplary embodiment, the light-emitting
groups number from LG1 through LGm. The first through p”
backlight drivers 800_1 through 800__p may be connected to
the light-emitting groups L.G1 through LGq. In the present
exemplary embodiment, one backlight driver may be con-
nected to one light-emitting group or a plurality of light-
emitting groups. In the exemplary embodiment illustrated in
FIG. 3, each of the light-emitting groups LG1 through LGq
may include a corresponding column of light-emitting
blocks, and one backlight driver (e.g., the first backlight
driver 800_1) may be connected to two light-emitting groups
(e.g., the light-emitting groups LG1 and 1.G2). However, the
present invention is not limited thereto.

[0047] The first through p” backlight drivers 800_1
through 800_p may respectively receive the optical data
signals LDAT from the timing controller 700, specifically,
from the second timing controller 600_2 and control the
luminances R_LB1 through R_LB(nxm) of the first through
(nxm)” light-emitting blocks LB1 through LB(nxm)
included in the light-emitting groups LG1 through LGq. Each
of the optical data signals LDAT input to the first through p™
backlight drivers 800_1 through 800_ p, respectively, may
include the scan signals SCAN and the dimming signals DIM
that are arranged in an alternating fashion, which will be
described in more detail later with reference to FIGS. 6 and 7.
[0048] Inone exemplary embodiment, the first through p™
backlight drivers 800_1 through 800__p may be arranged in a
direction different from a direction in which the first through
(nxm)” light-emitting blocks LB1 through LB(nxm) are
scanned. For example, the first through p™ backlight drivers
800_1 through 800_ p may be arranged perpendicular to the
direction in which the first through (nxm)® light-emitting
blocks LB1 through LB(nxm) are scanned.

[0049] At least two of the first through (nxm)™ light-emit-
ting blocks LB1 through LB(nxm) controlled by the first
through p™ backlight drivers 800_1 through 800 p may
receive different scan signals SCAN. For example, when the
first through (nxm)” light-emitting blocks LB1 through
LB(nxm) are arranged in a matrix, at least one of the first
through (nxm)” light-emitting blocks LB1 through LB(nxm)
controlled by the first through p* backlight drivers 800_1
through 800_p is disposed in each row. That is, each of the
first through p™ backlight drivers 800_1 through 800_p is
involved in the scanning of at least one light-emitting block in
each row. For example, as shown in the drawing, if the first
through (nxm) light-emitting blocks LB1 through LB(nxm)
are arranged in a matrix of rows and columns and are scanned
in a column direction of the matrix, that is, scanned from top
to bottom of the matrix, the first through p™ backlight drivers
800_1 through 800_ p may be arranged in a row direction of
the matrix.

[0050] That is, if each of the first through p™ backlight
drivers 800_1 through 800_p is connected to a plurality of
light-emitting blocks controlled by different scan signals,
since each of the optical data signals LDAT includes the scan
signals SCAN and the dimming signals DIM, which are alter-
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nately arranged, according to an exemplary embodiment of
an LCD and a method of driving the same according to the
present invention, the length of a dimming signal that must be
transmitted during each of a plurality of sections, into which
a frame has been divided in order to transmit different scan
signals, can be reduced. Therefore, the optical data signals
LDAT can be transmitted to the first through p™ backlight
drivers 800_1through 800_ p in a more stable manner, which,
in turn, enhances the display quality of the LCD 10.

[0051] Referring to FIG. 4, the first timing controller 600_1
illustrated in FIG. 1 may include a control signal generator
610, an image signal processor 620, and a representative
value determiner 630.

[0052] The control signal generator 610 receives external
control signals and outputs the data control signal CONT1
and the gate control signals CONT2. In one exemplary
embodiment, the control signal generator 610 may output the
vertical start signal STV for starting the gate driver 400 of
FIG. 1, the gate clock signal CPV for determining when to
output the gate-on voltage Von, the output enable signal OE
for determining the pulse width of the gate-on voltage Von,
the horizontal start signal STH for starting the data driver 500
of FIG. 1, and the output instruction signal TP for instructing
the output of an image data voltage.

[0053] Theimage signal processor 620 may receive the red,
green and blue image signals R, G and B and output image
data signals IDAT.

[0054] The representative value determiner 630 determines
the representative image signals R_DB1 through R_DB(nx
m) which correspond to the display blocks DB1 through
DB(nxm), respectively. Specifically, the representative value
determiner 630 may receive the red, green and blue image
signals R, G and B and determine the representative image
signals R_DBI1 through R_DB(axm). In the present exem-
plary embodiment, each of the representative image signals
R_DB1 through R_DB(nxm) may be the mean of the red,
green and blue image signals R, G and B which are provided
to each of the display blocks DB1 through DB(nxm). Thus,
each of the representative image signals R_DB1 through
R_DB(nxm) may denote the mean luminance of each of the
display blocks DB1 through DB(nxm). Alternative exem-
plary embodiments include configurations wherein each of
the representative image signals R_DB1 through R_DB(nx
m) denotes a grayscale level of each of the display blocks
DB1 through DB(nxm).

[0055] Unlike the exemplary embodiment illustrated in
FIG. 4, alternative exemplary embodiments include configu-
rations wherein the representative value determiner 630 may
also determine the representative image signals R_DB1
through R_DB(nxm), which correspond to the display blocks
DB1 through DB(nxm), respectively, by using the image data
signals IDAT.

[0056] Referring to FIG. 5, the second timing controller
600 2 illustrated in FIG. 1 includes a luminance converter
640 and an optical data signal output unit 650.

[0057] The luminance converter 640 receives the represen-
tative image signals R_DB1 through R_DB(nxm), deter-
mines the luminances R_[.B1 through R_LB(nxm) of the first
through (nxm)™ light-emitting blocks LB1 through LB(nxm)
which correspond to the representative image signals R_DB1
through R_DB(nxm), respectively, and outputs the lumi-
nances R_LB1 through R_LB(nxm) of the first through
(nxm)™ light-emitting blocks LB1 through LB(nxm) to the
optical data signal output unit 650. Exemplary embodiments
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of the luminance converter 640 may determine the lumi-
nances R_LB1 through R_LB(nxm) of the first through
(nxm)” light-emitting blocks LB1 through LB(nxm) which
correspond to the representative image signals R_DB1
through R_DB(nxm), respectively, by using a lookup table
(not shown).

[0058] The optical data signal output unit 650 outputs the
optical data signals LDAT which are to be transmitted to the
first through (nxm)” light-emitting blocks LB1 through
LB(nxm), respectively. Each of the optical data signals LDAT
may be determined by an image displayed on a corresponding
one of the display blocks DBI1 through DB(nxm) which
receive light from the first through (nxm)” light-emitting
blocks LB1 through LB(nxm), respectively. In addition, the
optical data signals LDAT may include the optical data sig-
nals LDAT1 through LDATp which are transmitted to the first
through p™ backlight drivers 800_1 through 800_p, respec-
tively, during a frame in which an image is displayed on the
liquid crystal panel 300 (as discussed with respect to FIG. 1).
Here, the optical data signals LDAT1 through LDATp may
contain the luminance information of the first through (nxm)
# light-emitting blocks LB1 through LB(nxm) which are
connected to the first through p” backlight drivers 800_1
through 800_p.

[0059] Referring to FIG. 6, the optical data signal output
unit 650 illustrated in FIG. 5 includes a decoder 653, a first
selector 651, a second selector 652, and a serializer 654.
[0060] The decoder 653 is enabled by a vertical synchroni-
zation signal Vsync and sequentially outputs a plurality of
select signals SEL during a frame before a next vertical syn-
chronization signal Vsync is generated. The decoder 653
transmits the generated select signals SEL to each of the first
selector 651 and the second selector 652. The number of
select signals SEL may be determined by the number of rows
in which the first through (nxm)® light-emitting blocks LB1
through LB(nxm) controlled by the first through p* backlight
drivers 800_1 through 800_p are arranged. More specifi-
cally, the number of selects signals SEL to be generated
during a frame may be determined by the number of groups of
the first through (nxm)” light-emitting blocks LB1 through
LB(nxm) to each of which the same scan signal SCAN is
transmitted.

[0061] For example, if the first through (nxm)™ light-emit-
ting blocks LB1 through LB(nxm) are arranged in a matrix of
8 rows and 16 columns, they may be divided into 16 light-
emitting groups LG1 through 1.G16 which correspond to 16
columns of light-emitting blocks, respectively. In this case,
each of the first through p” backlight drivers 800_1 through
800_p may transmit the optical data signal LDAT to two of
the light-emitting groups L.G1 through L.Gq and transmit the
same scan signal SCAN to each of the eight rows. Accord-
ingly, a frame maybe divided into 8§ sections, and thus 8 select
signals, e.g., the first through eighth select signals SEL0
through SEL7, maybe output sequentially. The number of
select signals SEL that are output is not limited to the above
example and may change depending on the number of rows
and columns in the matrix of light-emitting blocks.

[0062] The first selector 651 receives the scan signals
SCAN based on the luminances R_[.B1 through R_L.B(nxm)
ofthe first through (nxm)™ light-emitting blocks LB1 through
LB(nxm) received from the luminance converter 640 and
outputs one of the scan signals SCAN, which corresponds to
each of the select signals SEL generated by the decoder 653,
1o the serializer 654. Specifically, the first selector 651
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sequentially outputs the scan signals SCAN which corre-
spond to the select signals SEL sequentially received from the
decoder 653.

[0063] Inthe exemplary embodiment illustrated in FIG. 6,
the first selector 651 receives the luminances of the first
through (nxm)” light-emitting blocks R_LB1 through R_LB
(nxm) in order to output the scan signals SCAN. However,
alternative exemplary embodiments include configurations
wherein the first selector 651 may output the scan signals
SCAN which correspond to the select signals SEL, respec-
tively, without receiving the luminances R_LB1 through
R_LB(nxm) of the first through (nxm)™ light-emitting blocks
LB1 through LB(nxm). In one exemplary embodiment, the
first selector 651 may be a multiplexer.

[0064] The second selector 652 receives the dimming sig-
nals DIM and outputs one of the dimming signals DIM
according to each of the select signals SEL generated by the
decoder 653. Specifically, the second selector 652 sequen-
tially outputs the dimming signals DIM which respectively
correspond to the select signals SEL sequentially received
thereby. Here, the dimming signals DIM provided by the
second selector 652 may be determined by the luminances
R_LB1 through R_LB(nxm) of the first through (nxm)”
light-emitting blocks LB1 through LB(nxm), respectively. In
one exemplary embodiment, the second selector 652 may be
a multiplexer.

[0065] The serializer 654 serializes the scan signals SCAN
output from the first selector 651 and the dimming signals
DIM output from the second selector 652 and outputs the
optical data signals LDAT, each having the scan signals
SCAN and the dimming signals DIM that are alternately
arranged. Specifically, the serializer 654 receives the scan
signals SCAN and the dimming signals DIM which respec-
tively correspond to the select signals SEL provided sequen-
tially and sequentially serializes the received scan and dim-
ming signals SCAN and DIM. In one exemplary
embodiment, the serializer 654 may be a shift register.

[0066] In one exemplary embodiment, the serializer 654
may place the scan signals SCAN before the dimming signals
DIM. This is because the amount of signal transmitted by
each of the first through p™ backlight drivers 800_1 through
800_ p can be reduced when each of the optical data signals
LDAT having the scan signals SCAN that precede the dim-
ming signals DIM is transmitted to a corresponding one of the
first through p” backlight drivers 800_1 through 800_p,
which will be described in detail later with reference to FIGS.
7 through 9.

[0067] Inoneexemplary embodiment, there may be a plu-
rality of optical data signal output units, and the optical data
signal output units may output the optical data signals LDAT
corresponding to the first through p™ backlight drivers 800_1
through 800 p, respectively. Specifically, in one exemplary
embodiment, the second timing controller 600_2 (as dis-
cussed with respect to FIG. 1) may include a plurality of
optical data signal units which correspond to the first through
p” backlight drivers 800_1 through 800_p, respectively.
Thus, the optical data signal units may provide the optical
data signals LDAT to the first through p™ backlight drivers
800_1 through 800_ p, respectively, so that the optical data
signals LDAT can be provided to the first through (nxm)”
light-emitting blocks L.B1 through LB(nxm) controlled by
the first through p™ backlight drivers 800_1 through 800_p.
The relationship between the optical data signal output unit
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650 and the first through p” backlight drivers 800_1 through
800_ p is notlimited to the above exemplary embodiment and
may change in various ways.

[0068] Hereinafter, an exemplary embodiment of a method
of driving the exemplary embodiment of an LCD 10 of FIG.
1 according to the present invention will be described with
reference to FIGS. 7 through9. FIG. 7 is aconceptual diagram
illustrating the operation of the optical data signal output unit
650 illustrated in FIG. 6. FIGS. 8A and 8B illustrate the scan
signals SCAN and the dimming signals DIM which corre-
spond to the select signals SEL, respectively. FIG. 9 is a
conceptual diagram illustrating the operations of the first
through (nxm)™ light-emitting blocks LB1 through LB(nxm)
of the exemplary embodiment of an LCD 10 illustrated in
FIG. 1. For ease of description, an exemplary embodiment
wherein the exemplary embodiment of an LCD 10 includes
first through one hundred and twenty eighth light-emitting
blocks L.B1 through LB128 will be described as an example,
e.g., when the LDC 10 includes 8 rows and 16 columns of
light emitting blocks LB.

[0069] The operation of the optical data signal output unit
650 illustrated in FIG. 6 will now be described in more detail
with reference to FIG. 7. The optical data signal output unit
650 is enabled by the vertical synchronization signal Vsync
which is generated once during a frame. Accordingly, the
optical data signal output unit 650 sequentially generates the
select signals SEL. The select signals SEL may be sequen-
tially generated during a frame. As described above, the num-
ber of select signals SEL to be generated may be determined
by the number of the first through (nxm)” light-emitting
blocks LB1 through LB(nxm) to each of which the same scan
signal SCAN is provided, for example, the number of rows of
the first through (nxm)” light-emitting blocks LB1 through
LB(nxm).

[0070] Referring to FIG. 7, the select signals SEL may be
generated in response to the vertical synchronization signal
Vsyne, and each of the select signals SEL may select a cor-
responding one of the scan signals SCAN and a correspond-
ing one of the dimming signals DIM. The selected scan signal
SCAN and the selected dimming signal DIM may be serial-
ized and may be included in each of a plurality of sub optical
data signals which correspond to the select signals SEL,
respectively.

[0071] Forexample, the optical data signal LDATi which is
transmitted to the i” backlight driver 800_i may include a
plurality of sub optical data signals LDATi_0 through
LDATi_7 corresponding to the select signals SEL, respec-
tively. In this case, each (e.g., the optical data signal LDATi_
3) of the sub optical data signals LDATi_0 through LDATi_7
may include a scan signal (e.g., the scan signal SCAN_L-
DATi_3) and a dimming signal (e.g., the dimming signal
DIM_LDATi_3) selected by a corresponding select signal
(e.g., the third select signal SEL3). That is, each of the optical
data signals LDAT may include the scan signals SCAN and
the dimming signals DIM which are alternately arranged.
[0072] Referring to FIGS. 8A and 8B, the scan signal
SCAN and the dimming signal DIM, which are to be provided
to abacklight driver (e.g., the first backlight driver 800_1), are
determined by the select signals SEL, respectively. For ease
of description, the first, second, seventeenth, eighteenth,
thirty-third, thirty-fourth, forty-ninth, fiftieth, sixty-fifth,
sixty-sixth, eighty-first, eighty-second, ninety-seventh,
ninety-eighth, one hundred and thirteenth, and one hundred
and fourteenth light-emitting blocks LB1, LB2,.B17, 1B18,
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LB33,1.B34,1.B49,1.B50,.B65,1.B66, LB81,1.B82,L.B97,
LB98, 1.B113 and L.B114 controlled by the first backlight
driver 800_1 will be described as an example.

[0073] In the exemplary embodiment illustrated in FIGS.
8A, 8B and 9, the light emitting blocks LB are driven accord-
ing to a % on time method, wherein three of eight rows of
light-emitting blocks in an 8x16 matrix of light emitting
blocks LB are sequentially turned on. In this exemplary
embodiment, a scan signal selected by the first select signal
SEL0 may turn on the first, second, ninety-seventh, ninety-
eighth, one hundred and thirteenth, and one hundred and
fourteenth light-emitting blocks LB1, LB2, LB97, LB98S,
LB113 and LB114, e.g., L Bs in the first row, seventh row and
eighth row and first two columns are turned on. Next, a scan
signal selected by the second select signal SEL1 may turn on
the first, second, seventeenth, eighteenth, one hundred and
thirteenth, and one hundred and fourteenth light-emitting
blocks LB1,L.B2,1.B17, 1B18, LB113 and LB114, e.g., L Bs
in the first row, second row and eighth row and first two
columus are turned on. In this way, the scan signals SCAN to
be providedto the first backlight driver 800_1 may be selected
by the select signals SEL, respectively.

[0074] Likewise, dimming signals selected by the first
select signal SEL0O may be first and second dimming signals
LB1 DIM and LB2 DIM which control the first and second
light-emitting blocks LB1 and LB2, respectively. Here, each
dimming signal DIM selected by each select signal SEL
comprises information corresponded to the luminance of
each light-emitting block during one frame. For example, first
and second dimming signals LB1 DIM and LB2 DIM
selected by the first select signal SEL0 comprise the informa-
tion of the first and second light-emitting block . B1 and LB2
during one frame, respectively. In addition, dimming signals
selected by the second select signal SEL1 may be seventeenth
and eighteenth dimming signals LB17 DIM and LB18 DIM
which control the luminances of the seventeenth and eigh-
teenth light-emitting blocks LB17 and LB18, respectively,
and so on. In this way, the dimming signals DIM provided to
the first backlight driver 800_1 may be selected by the select
signals SEL, respectively.

[0075] The scan signals SCAN and the dimming signals
DIM selected by the select signals SEL, respectively, may be
serialized such that they are arranged alternately as described
above.

[0076] The operation of the first through (nxm)” light-
emitting blocks LB1 through LB(nxm) of the LCD 10 illus-
trated in FIG. 1 will now be described with reference to FIG.
9. FIG. 9 illustrates the luminances R_[.B1 through R_LB(nx
m) of the first through (nxm)” light-emitting blocks LB1
through LB(nxm) over time. The scan signals SCAN and the
dimming signals DIM illustrated in FIGS. 8A and 8B may
have been applied to the first through (nxm)” light-emitting
blocks [.B1 through LB(nxm). That is, the first through p”
backlight drivers 800_1 through 800_p may respectively
receive the optical data signals LDAT, each including the scan
signals SCAN and the dimming signals DIM that are alter-
nately arranged, and control the luminances of the first
through (nxm)” light-emitting blocks R_L.B1 through R_LB
(nxm) based on the received optical data signals LDAT.
[0077] In FIG. 9, those light-emitting blocks colored in
black (e.g., the seventeenth through ninety-sixth light-emit-
ting blocks LB17 through L.B96 in at a time T1) from among
the (nxm)” light-emitting blocks LB1 through LB(nxm) are
turned off during each time period. Therefore, the luminances
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of those not in black (e.g., the first through sixteenth LB1
through LB16 and the ninety-seventh through one hundred
and twenty-eighth LB97 through [.B128 at time T1) from
among the first through (nxm)” light-emitting blocks LB1
through LB(nxm) are controlled by the optical data signals
LDAT which are transmitted to the first through p” backlight
drivers 800_1 through 800_p, respectively.

[0078] Here, the optical data signals LDAT may be trans-
mitted to the first through p” backlight drivers 800_1 through
800_p, respectively, in a serial communication method. Spe-
cifically, exemplary embodiments include configurations
wherein the serial communication method may be an inter
integrated circuit (“I’C”) or serial peripheral interface
(“SPI”) method. Since the I°C and SPI methods are widely
known serial communication methods, a detailed description
thereof will be omitted.

[0079] Inthe present exemplary embodiment of an LCD 10
and the method of driving the same, the scanning and dim-
ming of each light-emitting block can be simultaneously con-
trolled by using a general. multi-channel backlight driver. In
addition, in serial communication for driving each backlight
driver, signals can be transmitted at a relatively low fre-
quency, and various problems which may arise due to high-
speed communication can be prevented.

[0080] Hereafter, another exemplary embodiment of an
LCD and a method of driving the same according to the
present invention will be described with reference to FIGS. 10
and 11. FIG. 10 is a block diagram of another exemplary
embodiment ofan optical data signal output unit 650 included
in another exemplary embodiment of an LCD according to
the present invention. FIG. 11 is a conceptual diagram illus-
trating the operation of the optical data signal output unit 650
illustrated in FIG. 10.

[0081] The present exemplary embodiment of an LCD and
the method of driving the same are different from those
according to the previous exemplary embodiment in that a
plurality of select signals SEL are generated in response to a
second vertical synchronization signal Vsync+ which is
obtained by delaying a first vertical synchronization signal
Vsync by a predetermined period of time Td.

[0082] Referring to FIGS. 10 and 11, a decoder 653_1 is
enabled by the second vertical synchronization signal
Vsync+, which is the predetermined period of time Td later
than the first vertical synchronization signal Vsync, and out-
puts the select signals SEL. In one exemplary embodiment,
the optical data signal output unit 650 according to the present
embodiment may further include a delay unit (not shown)
which delays the first vertical synchronization signal Vsyne
by the predetermined period of time Td.

[0083] That is, when the second vertical synchronization
signal Vsync+, which is obtained by delaying the first vertical
synchronization signal Vsync by the predetermined period of
time Td, is generated, the select signals SEL are generated
sequentially. In addition, each of the generated signals SEL
selects a corresponding scan signal SCAN and a correspond-
ing dimming signal DIM.

[0084] Other features of the present exemplary embodi-
ment of an LCD and the method of driving the same (such as
aprocess of serializing the selected scan and dimming signals
SCAN and DIM in order to alternately arrange the selected
scan and dimming signals SCAN and DIM) are not described
in the present exemplary embodiment but substantially iden-
tical to those according to the previous exemplary embodi-
ment.

Jan. 14,2010

[0085] In the present exemplary embodiment of an LCD
and the method of driving the same, the select signals SEL are
generated in response to the second vertical synchronization
signal Vsync+ which is the predetermined period of time Td
later than the first vertical synchronization signal Vsync.
Then, each optical data signal is transmitted to a correspond-
ing light-emitting block when liquid crystals of a liquid crys-
tal layer have had a sufficient period of time, e.g., Td, to
respond to the voltages applied by the gate driver 400 and data
driver 500. Therefore, the display quality of the LCD can be
enhanced.

[0086] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and detail may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims. The
exemplary embodiments should be considered in a descrip-
tive sense only and not for purposes of limitation.

What is claimed is:

1. A liquid crystal display comprising:

a liquid crystal panel including a plurality of display
blocks;

a light-emitting unit which provides light to the liquid
crystal panel and includes a plurality of light-emitting
blocks corresponding to the display blocks, respec-
tively; and

a timing controller which provides an optical data signal
for controlling the light-emitting blocks,

wherein the optical data signal comprises a plurality of
scan signals and a plurality of dimming signals which
are alternatingly arranged, and each of the dimming
signals controls a luminance of a corresponding one of
the light-emitting blocks.

2. The liquid crystal display of claim 1, wherein the timing

controller comprises:

a first timing controller which controls an image displayed
on the liquid crystal panel; and

a second timing controller which controls the luminance of
each of the light-emitting blocks,

and wherein the optical data signal is obtained by selecting
the scan signals and the dimming signals, which corre-
spond respectively to a plurality of representative image
signals provided by the first timing controller to the
second timing controller, according to a plurality of
sequentially provided select signals, and serializing the
selected scan signals and the selected dimming signals.

3. The liquid crystal display of claim 2, wherein the
selected scan signals precede the selected dimming signals,
respectively.

4. The liquid crystal display of claim 2, wherein the select
signals are sequentially provided in response to a second
vertical synchronization signal which is obtained by delaying
a first vertical synchronization signal that is generated once
during each frame.

5. The liquid crystal display of claim 1, wherein at least two
of the dimming signals are different from each other.

6. The liquid crystal display of claim 1, wherein the dim-
ming signals are provided during a frame in which an image
is displayed on the liquid crystal panel, and the scan signals
control the light-emitting blocks to be turned on sequentially.

7. The liquid crystal display of claim 1, wherein the light-
emitting blocks are divided into a plurality of light-emitting
groups, each light-emitting group comprising one or more of
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the light-emitting blocks, and the light-emitting unit com-
prises a plurality of backlight drivers, each backlight driver
driving the light-emitting blocks included in each light-emit-
ting group.

8. The liquid crystal display of claim 7, wherein the back-
light drivers are arranged in a second direction, which is
different from a first direction in which the scan signals are
applied to the light-emitting blocks included in each of the
light-emitting groups.

9. The liquid crystal display of claim 8, wherein the first
direction is perpendicular to the second direction.

10. The liquid crystal display of claim 7, wherein the opti-
cal data signal is transmitted to each of the backlight drivers
using a serial communication method.

11. The liquid crystal display of claim 10, wherein the
serial communication method is one of an inter integrated
circuit method and a serial peripheral interface method.

12. A liquid crystal display comprising:

a liquid crystal panel including a plurality of display

blocks;

a light-emitting unit which provides light to the liquid
crystal panel and comprises a plurality of light-emitting
blocks corresponding to the display blocks, respec-
tively; and

a timing controller which provides an optical data signal
for controlling the light-emitting blocks,

wherein the timing controller comprises:

a decoder which sequentially generates a plurality of
select signals;

a first selector which receives a plurality of scan signals
and outputs one of the plurality of scan signals
according to each of the provided select signals;

a second selector which receives a plurality of dimming
signals and outputs one of the plurality of dimming
signals according to each of the provided select sig-
nals; and

a serializer which serializes scan signals and dimming
signals output from the first selector and the second
selector, respectively, and outputs the optical data sig-
nal having alternatingly arranged scan signals and the
dimming signals.

13. The liquid crystal display of claim 12, wherein the
dimming signals are provided during a frame in which an
image is displayed on the liquid crystal panel, and the scan
signals control the light-emitting blocks to be turned on
sequentially.

14. The liquid crystal display of claim 12, wherein the
serializer places the scan signal before the dimming signal in
the output data signal.
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15. The liquid crystal display of claim 12, wherein the
timing controller further comprises a first delay unit which
receives a first vertical synchronization signal that is gener-
ated once during each frame, generates a second vertical
synchronization signal by delaying the first vertical synchro-
nization signal by a predetermined period of time, and outputs
the second vertical synchronization signal, and the decoder is
enabled by the second vertical synchronization signal.

16. The liquid crystal display of claim 12, wherein at least
two of the dimming signals are different from each other.

17. The liquid crystal display of claim 12, wherein the
light-emitting unit comprises a plurality of backlight drivers
which drive the light-emitting blocks included in a plurality
of light-emitting groups, each group comprising one or more
of the light-emitting blocks, wherein the backlight drivers are
arranged in a second direction which is different from a first
direction in which the scan signals are applied to the light-
emitting blocks included in each of the light-emitting groups.

18. The liquid crystal display of claim 17, wherein the
optical data signal is transmitted to each of the backlight
drivers using a serial communication method.

19. A method of driving a liquid crystal display, the method
comprising;

dividing a liquid crystal panel into a plurality of display

blocks; and

providing an optical data signal for controlling a plurality

of light-emitting blocks which correspond to the display
blocks, respectively,

wherein the providing of the optical data signal comprises:

sequentially generating a plurality of select signals;

receiving a plurality of scan signals and outputting one
of the scan signals according to each of the select
signals;

receiving a plurality of dimming signals and outputting
one of the dimming signals according to each of the
select signals;

serializing output scan signals and output dimming sig-
nals; and

outputting the result of serialization as the optical data
signal.

20. The method of claim 19, wherein the serializing of the
output scan signals and the output dimming signals and the
outputting of the result of serialization as the optical data
signal comprises placing the output scan signals before the
output dimming signals, respectively.
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